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CdSe/ZnSe quantum dot with a single Mn2+ ion - a new system for a single spin
manipulation
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We present a magneto-optical study of individual self-assembled CdSe/ZnSe quantum dots doped
with single Mn2+ ions. Properties of the studied dots are analyzed analogously to more explored
system of Mn-doped CdTe/ZnTe dots. Characteristic sixfold splitting of the neutral exciton emission
line as well as its evolution in the magnetic field are described using a spin Hamiltonian model.
Dynamics of both exciton recombination and Mn2+ spin relaxation are extracted from a series of
time-resolved experiments. Presence of a single dopant is shown not to affect the average excitonic
lifetime measured for a number of nonmagnetic and Mn-doped dots. On the other hand, non-
resonant pumping is demonstrated to depolarize the Mn2+ spin in a quantum dot placed in external
magnetic field. This effect is utilized to determine the ion spin relaxation time in the dark.
I. INTRODUCTION
Semiconductor quantum dots (QDs) with single mag-
netic ions have recently been a subject of intense research
activity as systems close to the ultimate limit of miniatur-
ization of magnetic memory1–9. They provide an excep-
tional opportunity to integrate the QD optical properties
with individual spin of magnetic dopant. One of its most
important consequences is the possibility of optical con-
trol over the ion spin state resulting from the exchange in-
teraction between a neutral exciton confined in a dot and
the ion spin. The efficient spin readout at the moment
of exciton recombination is provided by the polarization
and energy of emitted photon1. On the other hand, an
optical manipulation of the ion spin is possible through
injection of spin-polarized excitons to the dot5,6,8. Im-
portantly, the single magnetic impurity embedded in the
QD may be also exploited as a spin memory exhibiting
relatively long spin relaxation time5,6.
Despite the outstanding properties and possible appli-
cations, a serious limitation for operation of QDs with
single magnetic dopants was typically attributed to the
non-radiative recombination channel introduced by mag-
netic ion when the exciton energy exceeds the intra-
ionic transition energy. In particular, the presence of the
ion was commonly believed to quench the exciton emis-
sion for a wide group of systems including self-assembled
CdSe/ZnSe QDs. Such a belief was predominantly based
on a direct observation of efficient photoluminescence
(PL) quenching in case of bulk diluted magnetic semicon-
ductors or QDs doped with a large number of magnetic
ions10–17. As a result, the only dots with single magnetic
dopants explored so far were CdTe/ZnTe1–3,5,6,8 and
InAs/GaAs4,9,18 QDs containing Mn2+ ions, for which
the exciton energy is lower than the intra-ionic transi-
tion energy.
Very recently a fabrication of two qualitatively new
QD systems has been reported, namely CdTe/ZnTe dots
with single Co2+ ions and CdSe/ZnSe QDs with single
Mn2+ ions19. Despite being energetically allowed, the
ion-related emission quenching has been demonstrated
to be negligible in both systems by observation of similar
excitonic lifetimes for a reference undoped QD and a dot
containing a single magnetic ion. This finding extends
the possibility of optical studies of QDs with individual
magnetic impurities for a wide group of semiconductor
materials and transition metal ions. Crucially, it enables
tuning the properties of such QDs in a desired way. As
an example, it has been shown that switching from CdTe
to CdSe dot material results in significant prolongation
of a single Mn2+ ion spin relaxation time19.
Here we summarize the results of the detailed opti-
cal study of CdSe/ZnSe quantum dots doped with sin-
gle Mn2+ ions. In particular, we perform a comprehen-
sive analysis of the evolution of neutral exciton emission
spectrum in the magnetic field applied in Faraday ge-
ometry within the frame of a spin Hamiltonian model.
Moreover, we provide more robust evidence for ineffi-
ciency of the ion-related emission quenching by compar-
ing the excitonic lifetimes measured for several randomly
selected dots, both nonmagnetic and containing single
ions. Finally, we present experimental results indicat-
ing that Mn2+ ion spin in a CdSe QD can be optically
influenced by non-resonant excitation in the presence of
external magnetic field. This effect underlies the idea
of our time-resolved measurements of the ion spin relax-
ation dynamics, which results are thoroughly discussed.
II. SAMPLE AND EXPERIMENTAL SETUP
The studied sample contains a single layer of molecu-
lar beam epitaxy grown self-organized CdSe/ZnSe QDs.
The dots are weakly doped with manganese ions. Their
concentration is optimized to maximize the probability
of formation of QDs with exactly one Mn2+ ion in each
dot. Detailed description of the sample growth procedure
can be found in Ref. 19.
Our measurements are performed using a micro-
photoluminescence setup. The sample is placed inside a
magneto-optical helium-bath cryostat and cooled down
2to temperature of about 1.6 K. The cryostat is equipped
with a superconducting magnet producing magnetic field
up to 10 T. The field is applied in Faraday configura-
tion, parallel to the growth axis of the sample. The
PL is excited non-resonantly at 405 nm using either
a continues-wave diode laser, or a frequency doubled
titanium-sapphire laser emitting 2 ps pulses with repe-
tition frequency of 76 MHz. High spatial resolution is
achieved in our experiments by using a reflective-type
microscope objective attached directly to the sample sur-
face. It enables to focus laser beam to spot size of diam-
eter not exceeding 1 µm. The luminescence of the QDs is
spectrally resolved using 0.5 m monochromator. The set
of polarization optics (including a linear polarizer, λ/2,
and λ/4 waveplates) is placed in the signal beam in order
to detect PL with polarization resolution.
The time-integrated PL spectra are recorded with a
CCD camera. In case of time-resolved experiments, two
different techniques are employed. The measurements of
radiative lifetimes are carried out under pulsed excita-
tion using a low-jitter avalanche photodiode (APD) or
a synchroscan Hamamatsu streak camera. The overall
temporal resolution in both cases is up to 40 ps and 10
ps, respectively. The second experimental technique is
used for time-resolved measurements of Mn2+ ion spin
relaxation dynamics. In this case, an acousto-optic mod-
ulator is utilized to repeatedly switch on and off the cw
excitation (with switching time below 10 ns). The mod-
ulator is driven by a generator enabling to set both the
switching frequency and the length of the dark period.
Temporal profiles of the PL signal under such excitation
are recorded with a high efficiency APD providing sub-
nanosecond temporal resolution.
III. MAGNETO-PL OF CDSE QD WITH A
SINGLE MN2+ ION
Micro-photoluminescence spectra of small QD ensem-
bles (down to a hundred of dots within the laser spot)
exhibit an inhomogeneous broadening with a character-
istic line structure. Relatively low density of QDs in our
sample enables us to distinguish well isolated groups of
emission lines originating from single QDs in the low en-
ergy tail of the PL band. It is possible to find a number of
dots, both nonmagnetic and containing individual Mn2+
ions. An example PL spectrum of Mn-doped QD is shown
in Fig. 1(a). The emission lines are identified as origi-
nating from recombination of neutral exciton (X), nega-
tively charged trion (X−), and biexciton (2X), as marked
in Fig. 1(a). Each of them is split by the exchange inter-
action between carriers and magnetic ion. Focusing on
the neutral exciton, its emission exhibits characteristic
sixfold splitting arising mainly due to the heavy hole-Mn
exchange. Since the total spin of the Mn2+ ion is equal
to 5/2, it has six possible projections on the growth axis,
which defines the quantization axis of the hole. As a
result, we observe six emission lines of the neutral ex-
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FIG. 1: (Color online) (a) Zero-field PL spectrum of a single
CdSe/ZnSe QD containing individual Mn2+ ion (T = 1.6 K).
(b), (c) Color-scale plots presenting the measured (b) and
simulated (c) evolution of neutral exciton PL spectrum in
the magnetic field in Faraday geometry. The upper (lower)
parts of the plots correspond to spectra detected in σ− (σ+)
polarization.
citon, each of them corresponding to a specific ion spin
projection for a given circular polarization of detection.
In order to additionally confirm the presence of the ion
in the studied dot and thoroughly analyze its interaction
with the neutral exciton, we measure the evolution of X
PL spectrum in magnetic field with polarization resolu-
tion. It is shown in Fig. 1(b). The excitonic Zeeman
effect introduced by the magnetic field splits each of X
emission lines. Consequently, we observe twelve lines at
non-zero field, six in each circular polarization. On the
other hand, the emission energies are not affected by the
Zeeman splitting of Mn2+ ion states, since it is identi-
cal in the initial and final states of X optical transitions.
Nevertheless, this splitting influences the line intensities.
More specifically, it leads to thermalisation of the Mn2+
ion spin towards −5/2 state, which manifest itself as an
increased intensity of high-energy (low-energy) line in σ−
(σ+) circular polarization, clearly visible in Fig. 1(b) at
high magnetic field. However, this effect does not ex-
plain the asymmetry appearing in the distribution of X
emission intensities at B = 0. We interpret it as arising
due to X-Mn spin relaxation during the exciton lifetime,
which leads to an increased intensities of lower-energy
lines. The presence of such relaxation affects also X PL
3spectra at B > 0. In such case, the intensities are gov-
erned by an interplay of X-Mn spin relaxation and Mn2+
spin thermalisation in the empty dot. As a result, the
field-induced enhancement of low-energy line intensity in
σ+ polarization is more pronounced compared to the in-
crease of high-energy line intensity in σ− polarization
(Fig. 1(b)).
A quantitative description of X magneto-PL is per-
formed within a frame of a simple model of the neu-
tral exciton inside Mn-doped QD previously exploited for
CdTe/ZnTe QDs1,20. It is given by the following Hamil-
tonian:
H = gMnµBBSz + ghµBBJz + geµBBσz
+ Ih~S ~J + Ie~S~σ −
2δ0
3
Jzσz +
2δ1
3
(
J3xσx − J
3
yσy
)
+ ∆
(
J2x + J
2
y
)
+ ρ
(
J2x − J
2
y
)
− ηS2z + γB
2, (1)
where B denotes the magnetic field parallel to the growth
axis z, while ~S, ~J and ~σ are Mn2+ ion, hole and electron
spin operators, respectively. The first three terms rep-
resent the Zeeman energies of the ion, the hole and the
electron with corresponding g-factors gMn, gh and ge (the
Mn2+ g-factor is assumed to be 2.0 basing on the litera-
ture data21). Ih and Ie are the hole-Mn and electron-Mn
exchange integrals. The isotropic and anisotropic parts
of electron-hole exchange are described by the effective
energies δ0 and δ1
22–24. Furthermore, ∆ is the heavy-
light hole energy splitting and ρ represents the strength
of the valence band mixing (VBM). The second-to-last
term −ηS2z describes the perturbation of X-Mn energy
levels imposed by the configuration mixing25,26. Finally,
γ is the excitonic diamagnetic shift constant. We note
that the first term in H is also the Hamiltonian of the
single ion in the empty dot (after X recombination).
Numerical diagonalization of the above introduced
Hamiltonian enables direct calculation of the excitonic
optical transition energies in two circular polarizations.
By adjusting the model parameters we are able to fully
reproduce the evolution of X emission energies in the
magnetic field, as shown in Fig. 1(c). The presented
PL intensities are computed as a product of oscillator
strength and Boltzmann distribution of the ion spin state
occupancies for an effective temperature T = 30 K corre-
sponding to Mn2+ spin thermalisation in the empty dot.
Since our model does not take into account the existence
of X-Mn spin relaxation during the exciton lifetime, the
calculated intensities are not fully consistent with the ex-
perimental results.
In order to provide a detailed information about the
obtained Hamiltonian parameters, we now discuss the
most characteristic features of X PL evolution in the
magnetic field. Focusing first on the zero-field spec-
trum, we observe a small, but not negligible irregular-
ity in energy spacing of X emission lines. In particular,
the splitting of two consecutive lines is clearly decreasing
with the line energy. Following previous studies of CdTe
Mn-doped QDs25,26, we interpret this effect as arising
due to the configuration mixing between ground and ex-
cited excitonic states. It is directly described by −ηS2z
term in the Hamiltonian, which enables us to determine
η ≃ 23 µeV, which is similar to the values reported for
CdTe dots27.
At magnetic field of about 6 T, a pronounced anticross-
ing of the middle-energy emission lines is clearly visible
in both circular polarizations. Each of these lines corre-
sponds to the same −1/2 ion spin projection, but differ-
ent spin states of bright excitons. As a result, the ex-
citonic Zeeman effect is progressively reducing the zero-
field splitting of the two lines related to the exchange
interaction with the Mn2+ ion. Finally, at 6 T their en-
ergies are brought into coincidence and anisotropic part
of the electron-hole exchange interaction starts to mix the
excitonic states with opposite spins, which leads to the
observed anticrossing (analogous effect was also demon-
strated for CdTe QDs2,20). The splitting of emission lines
at the anticrossing is directly equal to δ1, which is deter-
mined to be about 150 µeV for the studied dot. Similar
anticrossings are expected to occur for the emission lines
corresponding to −3/2 and −5/2 ion spin projections at
magnetic fields of 17 T and 28 T, which are however in-
accessible experimentally in the present study.
Coherently with previously published results in Ref.
19, we do not observe any signature of the dark exci-
ton optical transitions occurring with simultaneous flip
of the Mn2+ spin. They should be partially allowed by
off-diagonal terms of electron-Mn exchange interaction or
hole-Mn exchange accompanied by VBM, as it was pre-
viously shown for CdTe QDs with single Mn2+ ions1,20.
The existence of both mechanisms in the case of CdSe
Mn-doped QDs is strongly indicated by non-zero s, p− d
exchange constants N0α and N0β in bulk (Cd,Mn)Se
28
and significant VBM typically observed for nonmag-
netic CdSe dots29. However, their efficiency might be
much lower compared to CdTe QDs due to increased en-
ergy splitting δ0 of bright and dark excitons related to
the isotropic part of electron-hole exchange interaction.
More specifically, the previous studies of CdSe QDs re-
vealed δ0 to be almost 2 meV
24, which is more than two
times larger than δ0 determined for CdTe QDs
30,31. As a
result, the observation of anticrossings of bright and dark
exciton transitions for CdSe Mn-doped dots would pre-
sumably require application of stronger magnetic field
needed to compensate larger δ0 energy splitting. The
lack of the dark exciton fingerprint in the present ex-
perimental data prevents us to independently determine
the electron-Mn and hole-Mn exchange integrals as well
as both carriers g-factors. Moreover, we are not able to
precisely obtain VBM strength corresponding to the ra-
tio of ρ and ∆ parameters in the Hamiltonian. We note
only that the bright exciton g-factor 3gh−ge corresponds
to about 1.6, while the zero-field splitting of X sextuplet
5
2
(3Ih − Ie) is equal to 2.54 meV (the formulas are given
in the absence of VBM).
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FIG. 2: (Color online) (a),(b) Neutral exciton PL decay pro-
files measured for a nonmagnetic QD (a) and a dot containing
a single Mn2+ ion (b) at zero magnetic field and temperature
of 1.6 K. To account for the background emission, the data
are corrected by subtraction of a reference signal measured at
emission energy corresponding to flat PL background. Solid
lines represent fits of single exponential decays with indicated
X lifetime values. (c) Correlation of X lifetime and emission
energy for Mn-doped and undoped QDs. Each experimental
point corresponds to a different randomly selected dot.
IV. X LIFETIME IN NONMAGNETIC AND
MN-DOPED CDSE QD
The investigated CdSe/ZnSe QDs are characterized by
emission energies ranging from about 2.3 eV to 2.5 eV.
Since the manganese intra-ionic transition energy corre-
sponds to 2.2 eV, the exciton non-radiative recombina-
tion leading to excitation of the Mn2+ ion is energetically
allowed for Mn-doped dots. However, the inefficiency of
this recombination channel was revealed by similar ex-
citon decay times previously determined for a QD with
and without a single ion in Ref. 19. In order to provide
an additional confirmation of this finding, we compare X
lifetimes measured for a number of dots, both nonmag-
netic and Mn-doped. Our time-resolved experiments are
carried out under sufficiently low excitation power assur-
ing negligible influence of the biexciton cascaded emission
on X PL decay profile. In the case of dots with single
Mn2+ ions, the presence of aforementioned X-Mn spin
relaxation strongly affects the PL temporal profiles cor-
responding to different exchange-split X emission lines.
Since their detailed analysis remains beyond the scope of
this paper, we focus on a decay profile determined for the
low-energy line.
The X PL temporal profiles obtained for an exemplary
nonmagnetic and Mn-doped dot are presented in Figs.
2(a) and 2(b), respectively. They exhibit monoexponen-
tial character, which enables us to directly determine the
corresponding X lifetimes. Their values measured for
several, randomly selected dots are shown in Fig. 2(c)
versus X emission energy. We observe no correlation be-
tween these two quantities both for nonmagnetic and Mn-
doped QDs. Most importantly, the average X lifetime of
300±60 ps in the former case is almost equal to the mean
lifetime of 295± 30 ps determined for dots containing in-
dividual ions. This result clearly shows that introduction
of a single Mn2+ ion to a CdSe/ZnSe QD does not reduce
the excitonic decay time, confirming the ineffectiveness of
the ion-related X emission quenching. Following Ref. 19,
we interpret this as arising due to a discrete density of
states of a QD with an individual magnetic impurity. In
such case, even if non-radiative X recombination related
to the intra-ionic transition is energetically allowed, it is
not efficient due to a possible energy mismatch.
V. MN2+ SPIN RELAXATION DYNAMICS IN
CDSE QD
In order to measure Mn2+ spin relaxation time in a
CdSe QD, we first need to establish an optical method
enabling manipulation of the ion spin state. According to
the previous studies of CdTe QDs5,6, it might be achieved
through injection of spin-polarized excitons to the dot,
which act on the Mn2+ ion via the exchange interaction
and orient its spin. However, application of this tech-
nique would require identification of a spin-conserving
optical excitation channel for the studied dots. Instead,
we utilize a much simpler approach also demonstrated
for CdTe dots1. Its underlying idea is based on depolar-
ization of the Mn2+ spin via exchange interaction with
spin-unpolarized excitons, which can be easily injected
to the dot under non-resonant excitation. In order for
this mechanism to become effective, the ion spin should
be initially polarized by application of the magnetic field
in Faraday configuration. In such case, as it was previ-
ously mentioned in section III, the Mn2+ Zeeman split-
ting leads to thermalisation of the ion spin towards the
state of alignment to the field direction (i.e., −5/2 state
for B > 0). When the excitons of random spins are in-
jected to the dot, the effective temperature of the Mn2+
ion is increased leading to the partial depolarization of
the ion spin. The presence of this effect is clearly visible
in Fig. 3(a) presenting X PL spectra at B = 4 T mea-
sured under different powers of non-resonant excitation
in σ− polarization of detection. At low-power regime,
high-energy line corresponding to −5/2 ion spin projec-
tion is dominating the spectrum. However, nonuniform
distribution of six emission lines intensities progressively
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FIG. 3: (Color online) The neutral exciton (a) and negatively
charged exciton (b) PL spectra measured for indicated excita-
tion powers at magnetic field of 4 T and temperature of 1.6 K.
The spectra are detected in σ− polarization and normalized
(i.e., divided by the total integrated intensity).
disappears as the excitation power is increased. It reflects
the change of the ion spin state induced by injection of
excitons to the dot. Since the Mn2+ spin can be indepen-
dently probed by different excitonic complexes, the same
effect should be also observed in the case of negatively
charged exciton. This prediction is fully reproduced by
the power-dependence of X− PL spectra measured at the
same magnetic field, which is shown in Fig. 3(b). It un-
equivocally confirms that the observed change of emission
lines intensities is solely related to depolarization of the
ion spin.
Taking advantage of the possibility to optically influ-
ence Mn2+ spin in a CdSe QD, we measure the ion spin
relaxation dynamics in a time-resolved experiment, in
which the optical excitation is on/off modulated. The
idea of the experiment is schematically described in Fig.
4(a). The Mn-doped QD is placed in external magnetic
field. First, we depolarize the ion spin using non-resonant
excitation. Then the laser is switched off for a controlled
period of time. During this time the QD remains in the
dark and the Mn2+ spin relaxation processes lead to a
progressive alignment of the ion spin towards the direc-
tion of magnetic field. In order to perform the Mn2+
spin readout, the laser is finally switched on again. De-
scribed excitation sequence is subsequently repeated with
appropriately low frequency assuring that the Mn2+ spin
reaches a steady state each time when the laser is on.
During the experiment, the ion spin is monitored by mea-
suring the PL intensity of high-energy X− emission line
in σ− polarization of detection.
Exemplary temporal profiles obtained for different
lengths of the dark period at magnetic field of 4 T are
shown in Fig. 4(b). The selected emission line corre-
sponds to the ion state with spin aligned towards the field
direction. Since the probability of finding the ion in this
state is increased by spin relaxation occurring in the dark
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FIG. 4: (Color online) (a) Scheme describing the excitation se-
quence used in the time-resolved experiment and correspond-
ing evolution of the ion spin. (b) Time-dependent PL in-
tensity of high-energy X− emission line (indicated at inset)
detected in σ− polarization at B = 4 T for different lengths
of dark period td (measurements are performed at T = 1.6
K). (c), (d) The normalized amplitude of PL intensity peak
obtained just after switching on the excitation as a function
of the length of the dark period for B = 4 T (c) and B = 8 T
(d). Solid lines represent the fits of exponential curves with
indicated Mn2+ spin relaxation times.
period, the pronounced PL intensity peak is observed just
after switching on the laser. The peak vanishes within
about 100 ns due to depolarization of the magnetic ion
spin induced by injection of excitons to the QD. Impor-
tantly, the peak amplitude clearly increases for longer
dark period. This is directly reflecting the degree of the
ion spin relaxation during this dark time. Consequently,
we can use a normalized peak amplitude as a quantita-
tive measure of the spin relaxation. Its dependence on
the length of the dark period measured at magnetic field
of 4 T and 8 T is shown in Figs. 4(c) and 4(d). The
experimental results are fitted with exponential curves.
On this basis we determine the Mn2+ ion spin relaxation
time in the dark at B = 4 T and B = 8 T to be equal
to 135 µs and 24 µs, respectively. Both of these times
are over an order of magnitude longer compared to re-
spective relaxation times of the Mn2+ ion spin in a CdTe
QD19. This finding clearly shows that switching to the
QD material with weaker spin-orbit interaction signifi-
cantly increases the storage time of information on the
6ion spin. From this point of view CdSe/ZnSe QDs with
single Mn2+ ions are more promising in possible future
applications as optically controlled spin memories than
CdTe/ZnTe QDs.
It is noteworthy that determined Mn2+ spin relaxation
time for the CdSe QD is much longer for lower mag-
netic field. Similar trend was previously observed in the
case of CdTe QDs, where the ion spin relaxation time
is about 0.4 ms at B = 1 T (Ref. 6) and 5 µs at
B = 4 T (Ref. 19). On this basis, one could expect
even longer Mn2+ spin relaxation time at B = 1 T for
the currently studied system. However, at such field the
Zeeman splitting of the ion states is rather weak, which
results in a small field-induced ion spin orientation. As
a consequence, our technique of spin relaxation measure-
ment basing on optically-induced depolarization of the
Mn2+ spin becomes ineffective. Instead, the ion spin re-
laxation rate at the low-field regime could be possibly
determined employing the method utilizing optical ori-
entation of the Mn2+ spin mediated by injection of spin-
polarized excitons5,6. Further experimental studies are
needed to demonstrate the applicability of this technique
in the case of CdSe QDs.
VI. SUMMARY
We have presented extended optical study of
CdSe/ZnSe QDs containing single Mn2+ ions with re-
spect to our recent work published in Ref. 19. The iden-
tification of dots with exactly one ion was based on the
observation of characteristic sixfold splitting of neutral
exciton emission line as well as on the analysis of evo-
lution of X emission energies in external magnetic field
applied along the growth axis. We have demonstrated
that measured evolution can be fully reproduced by a
simple spin Hamiltonian model previously proposed for
CdTe/ZnTe QDs with single Mn2+ ions. The obtained
model parameters describing X-Mn complex in a CdSe
QD were thoroughly discussed with indication of similar-
ities and differences between CdTe and CdSe dots.
Our time-resolved measurements of the neutral exci-
ton lifetime performed for a number of randomly selected
CdSe QDs revealed similar average lifetime for nonmag-
netic and Mn-doped dots. This finding enabled us to
confirm that the optical properties of a CdSe QD with
exactly one ion are not affected by excitonic emission
quenching related to the intra-ionic transitions.
We have also investigated a prospect of utilizing Mn-
doped CdSe QD as an optically controlled spin mem-
ory. In particular, we have directly demonstrated an
all-optical method of the ion spin depolarization by non-
resonant excitation of a QD placed in external magnetic
field. Using this method, we measured the ion spin relax-
ation dynamics in a time-resolved experiment with mod-
ulated optical excitation. The ion spin relaxation times
in the dark at magnetic field of 4 T and 8 T were found to
be over an order of magnitude longer compared to respec-
tive relaxation times of the Mn2+ ion spin in previously
studied CdTe QD.
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